ABSTRACT. The telluric features redward of 6700 have been removed from the accurate spectro-A photometric standards of Hamuy et al. to permit more reliable relative and absolute spectrophotometry to be obtained from CCD spectra. Smooth Ñuxes from 3300 to 10500 are best determined by dividing the raw A spectra of all objects taken in a night by the raw spectrum of a "" smooth ÏÏ spectrum star before deriving the instrumental response function using the revised standard star Ñuxes. In this way the telluric features and any large instrumental variation with wavelength are removed from the raw data, leaving smooth spectra that need only small corrections to place them on an absolute Ñux scale. These small corrections with wavelength are well described by a low-order polynomial and result in very smooth Ñux-calibrated spectra.
INTRODUCTION
High-quality CCD spectra are now routinely obtained for stars and galaxies at most observatories. However, Ñux calibration of these spectra has not been universal, nor has it been very accurate when done, because of the paucity of suitable accurate spectrophotometric standards. Another problem with CCD spectroscopy has been the reluctance of many observers to remove the e †ects of atmospheric (telluric) absorption from their red spectra, as can often be seen in published data. This makes the identiÐcation of weak stellar features difficult and the computation of synthetic colors and magnitudes imprecise. The recent publication of precise standards by Hamuy et al. (1994) is a major contribution to precise spectrophotometry ; however, they have also neglected to remove the telluric absorption in their standard Ñuxes, which unnecessarily degrades the precision of Ñux calibration. The problem is that the atmospheric absorption is not constant. Some of the bands, particularly the bands, are almost saturated, but the O 2 H 2 O bands are only partially saturated and vary with humidity and with some power of the air mass. It is much better to remove the atmospheric absorption from the raw spectra and use the telluric-free absolute Ñuxes for calibration.
CORRECTED FLUXES FOR THE HAMUY ET AL. STARS
The list of Hamuy et al. (1994) spectrophotometric standards comprised a set of 10 bright A-type stars at 16 A spacing and a set of 19 fainter white dwarf and subdwarf stars at 50 spacing. I have removed the telluric absorption A separately from the two sets.
For some of these stars I had low-dispersion spectra in which the telluric bands had been removed using the techniques described in°6. These showed that Feige 110 and some other stars have completely smooth spectra beyond Ha. Consequently, a third-order polynomial was Ðtted to the highest points in the Hamuy et al. spectrum of Feige 110 redward of 6700 and this continuum was taken to be the A , "" true ÏÏ spectrum. These magnitudes were then subtracted from the original spectrum and provided the Ðrst estimate of a set of magnitude corrections. This correction was applied to several other of the smooth stars and the continuum similarly Ðtted. In the G subdwarfs the absorption lines due to the Ca II triplet were reinstated below the smooth continuum. Finally, an average correction derived from the subdwarfs and the continuous white dwarfs was applied to those hotter stars showing Paschen lines and a Paschen jump, and a polynomial was Ðtted between 6700 and 8400
Above the Paschen jump the continuum A . between the Paschen lines was made smooth. In Figure 1 are plotted all the di †erences between the originally published spectra and the "" telluric-free ÏÏ spectra. The variations in the absorption bands from spectrum to spec-H 2 O trum can be seen. One star, LTT 3218, had signiÐcantly larger residuals than the average, indicating that it may have been observed at larger air mass. The 19 telluric-free spectra are available together with the set of average magnitude corrections by anonymous ftp.1 For a Ðrst-order correction to the bright A-star spectra, the average telluric spectrum at 50 spacing was interpolated at 16 spacing A A and subtracted from the spectra of the hotter stars HR 3454 ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈFIG. 1.ÈPlot of telluric absorption (revised minus original magnitudes) for the faint standards of Hamuy et al. (1994) . Data are in 50 bins.
A and HR 9087. The resultant spectra had a polynomial Ðtted to the continua between 6800 and the Paschen jump at A 8400 and a smooth gradation was ensured for the contin-A , uum between the Paschen lines by hand correction. These corrected spectra were then subtracted from the two original spectra directly, producing a 16 spaced set of correc-A tions. This average correction was then subtracted from all the other stars. For some of the stars the correction was nearly perfect, but in several the correction was insufficient, requiring additional correction between 9300 and 9500 A . Polynomial Ðts were used for all stars between 6800 and 8400 In Figure 2 are plotted the individual di †erences for A . all the bright stars. There is some scatter in the fea-H 2 O tures, but it is less than for the faint group of standards. The telluric-free spectra of the 10 HR stars are also available together with the set of average magnitude corrections by anonymous ftp.
There are also some very weak atmospheric bands H 2 O between about 5900 and Ha, but these have been A Fig. 1 but for the bright A-star standards of Hamuy et al. (1994) . Data are in 14 bins.
FIG. 2.ÈSame as
A removed from only four of the DA white dwarfs where it is certain that there are no stellar features.
SPECTROPHOTOMETRIC STANDARDS
In Table 1 are listed the coordinates and UBV RI colors in the Cape-SAAO UBV RI system for the bright standards.
In Table 2 Baldwin & Stone (1984) , Stone (1977) , and Massey et al. (1988) and from the secondary standard list of bright stars by Taylor (1984) ; see Hamuy et al. (1992) for details. Other lists of spectrophotometric stars have been given by Oke (1974 ;  white dwarfs), Oke & Gunn (1983 ; subdwarfs) , Bartkevicius & Sviderskiene (1981 ; metal-poor dwarfs and giants), Massey et al. (1988 ;  white dwarfs and sdO stars), and Decl. Greenstein (1984 ; white dwarfs) ; the additional stars in Table 2 are taken from these papers. The magnitudes given by Oke & Gunn (1983) Table 2 has been taken from Kilkenny & Menzies (1989) with some additional stars measured by the author ; Landolt (1992) has also measured many of the stars. UBV RI photometry for Table 1 is from Cousins (1971 Cousins ( , 1984 ; UBV ) and Cousins (1980 ; V RI) . The WD identiÐca-tion in Table 2 is from McCook & Sion (1999) . The LHS identiÐcation, coordinate, and proper motions are from Luyten (1979a) ; the L and LTT identiÐcations, coordinates, and proper motions are from Luyten (1979c) . Finding charts are discussed in a later section. The published spectrophotometric data for the white dwarfs L745-46A and VMa 2 have lower precision than for the Hamuy et al. (1994) stars. Until better data are available, it may be better to use blackbody Ðts to their continua. The Ñuxes for EG 131 have been derived by the author. Figures 3 and 4 shows two sample spectra of standard stars with and without telluric correction. Figure 5 shows the spectrum of the new standard EG 131.
SMOOTH SPECTRUM STARS FOR TELLURIC LINE REMOVAL
As will be described below, extremely metal-poor G dwarfs and red giants make good smooth templates for low-resolution spectrophotometry for wavelengths redward of B5500
The best stars are those with metallicities A . below [2 dex and with temperatures between 5000 and 6000 K. They have essentially smooth spectra at low resolution (B10 apart from weak Ha and weak Na D or A ) Ca II lines. A list of suitable stars for telluric line elimination is given in Table 4 . These have been selected from the photometry of Norris, Bessell, & Pickles (1985) and the papers of Oke & Gunn (1983) and Bartkevicius & Sviderskiene (1981) . Many of the extreme metal deÐcients stars were identiÐed by Bond (1980) . The bright He-rich white dwarfs L745-46A and VMa 2 are especially useful in the red as they have no bands or lines redward of 4100 and are smooth A blackbodies. Other suitable subdwarfs are given in Table 2 . At very high resolution (0.1 many sharp lines can be seen A ), in the spectra of these metal-poor stars, so for removal of telluric lines in high-resolution spectra it is best to use fastrotating B stars.
BLUE STARS FOR INSTRUMENTAL RESPONSE NORMALIZATION AND UBVRI SYNTHETIC PHOTOMETRY
Although there are no telluric lines between 3400 and 5500 it is still useful to have smooth template stars that A , can be used between these wavelengths to remove the instrumental response, which is often changing rapidly with wavelength below 4000 The Huggins ozone bands below A . 3400 can also best be removed using stars that are bright A and smooth in the UV ; hot DA white dwarfs are ideal for ozone removal (Schachter 1991) but are not as useful for Oke & Gunn (1983) ; B : Bartkevicius & Sviderskiene (1981) ; G : Greenstein (1984) . response normalization redward of the Balmer jump. In Table 5 are listed some hot stars that are excellent for this purpose. The best star is EG 131, a bright DC He-rich white dwarf which has unfortunately been overlooked by all those setting up standards because it was erroneously classiÐed as DAwk. This 12th magnitude star has no lines in its spectrum between 3000 and 11000 and has a blackbody spec-A trum. It can also obviously be used in the red. Subdwarf O stars such as Feige 110 that have virtually no Balmer discontinuities are the next best stars with which to remove the often rapid changes with wavelength in the UV-blue sensitivity function. Some of the sdO stars are from a list of spectrophotometric standards by Massey et al. (1988) . The extremely blue stars are also very important for standardizing the far-blue end of the UBV RI system when making synthetic photometry. The UBV RI colors are from Menzies, Marang, & Westerhuys (1990) . The bright A stars in Table 1 
OBSERVING AND REDUCTION STRATEGIES
The observing technique that is recommended is to observe a series of "" smooth ÏÏ spectrum stars during the night at air masses encompassing those for the program stars. Some of these smooth stars may also be spectrophotometric standards. One of these spectra or the average of several spectra is then used as the template for division through all objects observed in the night at the same grating setting. Such a division serves two purposes. First, it removes most of the telluric absorption, and second, it removes any large variations along the spectrum due to detector sensitivity, grating efficiency, and spectrograph vignetting.
Before division, the template spectrum should have any stellar lines removed. In the red, the cool metal-poor dwarfs and giants may show Ha, Na D (5889, 5896 and the Ca II A ) (8498, 8542, 8662 triplet. The spectrum can also be A ) smoothed in regions with no telluric lines. After division by the template spectrum, the spectra of other smooth spectrum stars taken at larger air mass or at a di †erent time will likely show residual absorption at a few places. These H 2 O spectra should then be normalized and Ñattened so that their continua have a level of about 1.0, and in the regions where the telluric absorption was successfully removed the continua should be replaced by 1.0 exactly. The resultant normalized spectra or some power of the normalized spectra can then be divided into any other spectra that show evidence of insufficient correction without H 2 O NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. Spectrophotometric data from M : Massey et al. (1988) ; O : Oke (1990). changing the overall Ñux scale. See below for Wade & HorneÏs (1988) appropriate sec z scaling.
The extinction table to be used with the telluric-corrected spectra should correct only for the continuous absorption and scattering and not for the bands. The extinction H 2 O table of Hayes & Latham (1975) is suitable for such interpolation.
Shortward of about 5000 it is best not to use the metal-A poor cool stars as templates as they have many blended features. The main purpose of division in this spectral region is to remove the instrumental response, which often changes very rapidly between 3300 and 4300
The Ñat-A . Ðeld lamp useful in the red for this purpose is of little use here because most lamps provide insufficient UV light. As noted above, the DC white dwarf EG 131 is the best choice ; L745-46a and VMa 2 can be used redward of about 4100 A . Subdwarf O stars can be used quite e †ectively. Obvious hydrogen and helium lines are Ðrst removed ; then the resultant spectrum is heavily smoothed before division to increase the e †ective signal-to-noise ratio. It is important to use spectra of stars without Balmer jumps so that the e †ect of the division is to produce a smooth transition through the region of the conÑuence of the Balmer lines.
The results of red and blue divisions should be telluric line-free spectra showing only slowly varying changes of continuum intensity with wavelength. A comparison between these spectra and the standard Ñuxes will yield small magnitude di †erences that vary only slowly with wavelength. Such di †erences can be readily Ðtted with a low-order polynomial which permits conÐdent interpolation across fairly large wavelength intervals. This is necessary when the values derived from strong-lined standards at the conÑuence of the Balmer and Paschen lines are poorly determined or when data points are absent, such as in the many Ñux calibrations tabulated at the minimal "" Oke standard ÏÏ wavelengths. Low-order polynomials produce much better results than spline Ðts.
Others have paid careful attention to the removal of telluric lines and instrumental response function. The authorÏs Ðrst experience was in using the image dissector scanner (Robinson & Wampler 1972) on the Anglo-Australian Telescope in the early 1970s under the tutelage of J. Wampler. A blackbody spectra or a bright smooth starÏs spectrum was stored on-line and divided through oneÏs observations with a remarkable enhancement of the visibility of very weak features that had not been seen previously on photographic or image tube spectra of the objects. It was then natural to seek to emulate these excellent results when CCDs later came into regular use. Wade & Horne (1988) also discuss the importance of telluric absorption removal. They have found that the mean telluric magnitude di †erences obtained near the zenith (such as in Figs. 1 and 2 ) can be scaled with increasing air mass as (sec z)0.6 and that this corrects both the and bands, O 2 H 2 O although the band are susceptible to variation with H 2 O time.
In addition, Schachter, Filippenko, & Kahn (1989 ) have emphasized the importance of not degrading the signal-to-noise ratio of the program stars observations by division by a template star. Rather than use the stellar spectrum directly, they approximate the featureless continuum with a cubic spline, thus interpolating over intrinsic and telluric absorption lines. They then set the spline continuum to unity in all regions away from the telluric features to produce a template.
Reducing data in the way described above enables one in the blue to conÐdently identify weak broad features such as emission in QSOs, interstellar absorption bands, cyclotron absorption in cataclysmic variables, Zeeman broadened hydrogen lines in magnetic white dwarfs, and carbon bands in cool He-rich white dwarfs. In the red, one can easily identify weak bands of CN, TiO, and ZrO bands in cool giant stars and the important bands of FeH in cool dwarfs. Most importantly, it enables one to rule out the presence of such features in spectra and thus avoid erroneous classiÐcations.
IDENTIFICATION CHARTS
Charts for all the Hamuy et al. stars can be found in Stone & Baldwin (1983) . Luyten (1979b) has excellent charts for almost all the LHS stars, and Luyten (1949) provided charts for many of the brightest white dwarfs, but note that the high proper motion stars have moved signiÐcantly from their positions in these charts and in the LHS charts which were made from plates taken in the 1950s.
Probably the best way to make (unmarked) charts is to use the Canadian Astronomy Data Centre Web site2 and provide a Ðle containing the name, right ascension, declination, epoch, and chart size for each star, one per line. A gif Ðle for each star is generated with the scale attached. These gif Ðles of the Ðelds for each of the faint spectrophotometric standards (Table 2 ) and the blue stars (Table 5) 
